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Running head: ADHD and Binocular Rivalry even though the permanence of the percept cannot be maintained for too long, since automatic alternations take place .
Measures of BR (number of alternations and the duration of exclusive dominance) may reveal certain types of adaptations that underlie a change in visual awareness. Meng and Tong (2004) examined the effects of attention on the duration of exclusive dominance periods and found that it affected the alternation rate but not the duration of dominance periods. There are a number of questions that follow from the above findings. The present study aims to contribute to our understanding of how the inhibitory mechanism works in individuals with ADHD, providing evidence from the experimental BR paradigm. It is hypothesized that, in the context of BR, the frequency and duration of periods of suppression of a percept could be modulated by a process of inhibition that would act involuntarily. Were this the case, this inhibition could be interpreted as the mechanism responsible for the lower rate of alternations (longer dominance periods) when the observer is presented with a novel stimulus. For this hypothesis to be confirmed the results would need to show that repeated and prolonged exposure to the same stimulus leads to a decrease in the activity of this inhibitory mechanism, such that the number of alternations would increase as their duration became shorter. This pattern of results would be expected to be more widespread among ADHD individuals compared with controls. In order to test this hypothesis two experiments were conducted. 8 Running head: ADHD and Binocular Rivalry on the response box as soon as he/she exclusively perceived a vertical grating (red-green) and to keep it pressed as long as he/she continued to see this image. Similarly, subjects were asked to press the corresponding button for the horizontal grating (yellow-green), and to keep it pressed as long as he/she continued to see this image. Subjects were asked to only press a button when they perceive a clear dominant image, but not when piecemeal rivalry was perceived. The participants received some previous training in the two response options with vertical and horizontal arrows as stimuli. For each trial we recorded the rate of perceptual alternations and the duration of exclusive dominance periods. Only those trials with calibrations ≤1⁰ in the vertical and horizontal axes were analyzed. Blink times were excluded from the analysis.
For each trial we recorded the rate of perceptual alternations and the duration of exclusive dominance periods. Only those trials with calibrations ≤1⁰ in the vertical and horizontal axes were analyzed. Blink times were excluded from the analysis. The recordings with very low time percentages, ≤ 10%, were also excluded from the analysis. In each group, the total time percentages recorded and analyzed for the whole BRT were as follows: ADHD-C= 87.84%, ADHD-I= 91.01% and Control= 95.43%. No significant differences were found between the time percentages/OK? of the ADHD-C and Control groups (z= -1.106, p<.1446), between ADHD-I and Controls (z= -0.460, p<.3228), or between ADHD-C and ADHD-I (z= 0.297, p<.3859). Figure 2 shows the sequence of a trial for this task. The BRT was applied at two points in time (initial and final) which were separated by another task, the one applied in Experiment 2. 
Data analysis
We conducted a 3 (groups) x 2 (time points) mixed factor ANOVA, taking the variable 'group' as the between-subjects factor and the variable 'time point' as the within-subjects (repeated measures) factor, and controlling for the influence of age as a covariate. The dependent variables were the mean number of alternations and the mean duration in milliseconds (ms) of exclusive dominance periods.
Results
As regards the alternation rate the ANOVA revealed significant differences for the factors 'time were no significant differences between any of the three groups: the alternation rate among participants with ADHD (ADHD-C and ADHD-I groups) was statistically equivalent to that of controls.
INSERT FIGURE 3 ABOUT HERE When using the mean duration time of exclusive dominance periods as the dependent variable the ANOVA showed that of the main effects only 'age' reached statistical significance [F(1,118) 
Experiment 2
The BR paradigm differs from other experimental paradigms (e.g., visual search, go-no-go, stop-signal task, etc.) in that attention is fixed, in a sustained fashion, on the center of rival images which alternate with different rates and periodicity for each subject, and generally without distractor stimuli being presented. In order to verify the robustness of alternation rate as an indicator of BR, and to analyze in greater depth the duration of exclusive dominance periods, we designed Experiment 2. Here, two variations were introduced into the BRT: (1) a dynamic exogenous distractor was added; and (2) the number of task trials was increased, thereby enabling us to test the sustained attention of participants. By studying the effects of these new factors on the behavioral measures of the BRT (number of alternations and the duration of exclusive dominance periods) we hope to increase our understanding of the inhibitory mechanism in BR.
Method Participants
Participants were the same 122 individuals who took part in Experiment 1.
Stimulus, task and apparatus
The apparatus and stimulus were the same as described in Experiment 1. However, the BRT was modified slightly, adding a small black circle (5 mm in diameter) which appeared regularly around the stimulus, thereby acting as a distractor (Figure 1) . In this way a new task was designed (Aznar-Casanova, 2010) to evaluate the observer's susceptibility to distraction (caused by an exogenous stimulus) and the consequences of prolonging the task. The task comprised eight trials in which the stimulus described in Experiment 1 was presented along with the distractor, whose position changed temporally every 3 s.
Procedure 11
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The new BRT involved eight trials, each lasting 24 s and separated by a rest period of 10 s. Each trial began with the fixation point being presented for 2 s (see Figure 2) . The number of alternations, the duration of exclusive dominance periods, and the number of fixations and blinks were recorded in all trials. The whole task lasted a total of 5 min. As in Experiment 1, only those trials with calibrations ≤1⁰ in the vertical and horizontal axes were analyzed. Blink times were excluded from the analysis.
Data analysis
We conducted a 3 (groups) x 8 (trials) between-within ANOVA for repeated measures, taking the variable 'group' as the between-subjects factor and the variable 'trial' as the withinsubjects (repeated measures) factor, and controlling for the influence of age as a covariate.
The dependent variables were the alternation rate and the mean duration time of exclusive dominance periods.
Results
As regards the alternation rate the ANOVA revealed significant differences for the factors 'trial' In order to examine the 'group x trial' interaction in greater depth we analyzed the data trends over time. This revealed that the best fit to the data was provided by a logarithmic model. Table 1 shows the equations of the functions that best fitted the data, as well as the goodness of fit index, expressed in terms of the coefficient of determination (R 2 12 Running head: ADHD and Binocular Rivalry Participants in the ADHD-C group differed from those in the control group, with the ADHD-I group being intermediate between the two. In all cases the trend was towards a greater number of alternations as the task duration increased (i.e., greater number of trials). However, the range of variation for the ADHD-C group (6.0 -8.0) was wider than that for controls (8.2 -9.5), while that of the ADHD-I group (7.8 -8.6 ) fell between, and overlapped, the two. In addition, the rate of change, expressed by the b coefficient of the equation, was greater for the ADHD-C group (1.3076) than for the ADHD-I group (0.5721), with the latter value being similar to that obtained by controls (0.5519). The value of R 2 expresses the proportion of variance (in the number of alternations) that is explained by task prolongation (greater number of trials), and the results showed that this value was higher in the ADHD-C group (0.8146) than in both the ADHD-I (0.5121) and control (0.6091) groups.
The same between-within ANOVA for repeated measures was then applied with the mean duration time of exclusive dominance periods as the dependent variable. As regards the main effects this ANOVA showed that participants differed significantly in relation to 'age'
[F(1,118)=46.044; p<.001]. There was also a significant 'group x trial' interaction effect [F(14,826)=4.924; p<.001]. Figure 5 shows, for each group, how the periods of exclusive dominance changed over time.
INSERT FIGURE 5 ABOUT HERE
On the first trial the mean duration of exclusive dominance was significantly higher for the clinical groups (ADHD-C = 2966 ms; ADHD-I = 2754 ms) than for the control group (2407 ms).
However, as the task duration increased, the duration of dominance periods tended to decrease logarithmically in the clinical groups, while remaining relatively stable in the control group. 
Discussion
In order to test the hypothesis that the rate of change between periods of suppression of a percept in a situation of binocular rivalry might be modulated by a process of involuntary inhibition, this study recorded two standard measures of BR: the rate of perceptual alternations and the duration of exclusive dominance of the percepts. How might we interpret the fact that an individual produces more or fewer alternations in his or her visual awareness?
What might it mean that one of the rival images is retained for longer or for less time in a person's conscious experience? It has been suggested that perceptual alternation may involve a shift in attention (Blake & Logothetis, 2002; Meng & Tong, 2004) ; in other words, the individual's attention must choose between two possible percepts and/or there needs to be a reflex (or involuntary) inhibition of one of them.
With respect to perceptual alternations the results of Experiment 1 showed that repetition of the BRT had a differential effect on the groups. Specifically, the number of alternations was significantly lower in the ADHD-C group compared with controls. In other words, the processes of automatic inhibition, represented by perceptual alternation in the BRT, occur more often among control and ADHD-I children than they do among those with ADHD-C. However, this is only the case at the start of the BRT (time point 1), and as the number of trials increases the number of alternations produced by the ADHD-C group also increases progressively, the rate of change being twice that observed among the ADHD-I and control groups (which were statistically equivalent). The results also showed that the number of trials explained 81.5% of the variability in the number of alternations in the ADHD-C group, whereas in the ADHD-I and control groups it explained 51.2% and 60.1%, respectively. In summary, prolongation of the BRT led to greater automatic inhibition of the percepts and had a significant effect on the alternation rate, especially in the ADHD-C group.
There are three possible explanations for these results. The first is that the differences in the rate of alternations may be due to differences in the information processing speed (PS). The 
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